Experimental-based simulated annealing for job shop scheduling problems with stochastic processing times by Ahmad, Rashidah
EXPERIMENTAL-BASED SIMULATED ANNEALING FOR JOB SHOP 
SCHEDULING PROBLEMS WITH STOCHASTIC PROCESSING TIMES
RASHIDAH BINTI AHMAD
A thesis submitted in fulfilment of the
requirements for the award of the degree of
Doctor of Philosophy (Mathematics)
Faculty of Science
Universiti Teknologi Malaysia
JUNE 2013
iii
To my beloved husband and sons
iv
ACKNOWLEDGEMENT
All praise and glory to Almighty Allah (SWT) for granting me the strength 
and knowledge and the help I needed for the accomplishment of this PhD work. 
Peace and blessing of Allah be upon the last Prophet Muhammad (Peace Be Upon 
Him).
Thanks to the people who walk by my side in this long journey. During the 
last two years, I wrote this thesis under the supervision of Dr. Zaitul Marlizawati 
binti Zainuddin.  It is a great pleasure for me to express my gratitude for her kind 
agreement to manage my work, and the continuous support of my study and research
and for her useful suggestions for improvement. She has been supervising me with 
patience and her great helps bring this thesis to an end. I am also very thankful to my 
ex-supervisor, Assoc. Prof. Dr. Sutinah Salim, without whom this thesis would not 
have been what it is now or would perhaps not have been written at all.   My sincere 
appreciation also extends to all my colleagues and others who have provided 
assistance at various occasions. Their views and tips are useful indeed. 
Some parts of this thesis rely on computer programming that would not have
reached the current quality without the support of Shahrizal: I thank him for he had a 
great share in establishing the basis of the programming environment.
Finally, I would like to express my deepest gratitude to my beloved husband, 
Zuraidy for his support, help, encouragement, and patience during the long process 
of completing this thesis.  To my beloved sons, Amsyar and Ammar, both of you 
have always been there for me, picking me up every time I was down. Thanks for the 
time I took from you to accomplish this pursue.
Thank you, Allah, for making it all possible.
vABSTRACT
Job shop scheduling problem is widely known as one of the most difficult 
NP-Hard problems to solve and present efforts to solve the problems are mostly 
expressed in the form of heuristics. This thesis investigates the application of 
simulated annealing algorithm for solving job shop scheduling problem with
stochastic processing times. Schedule quality is assessed based on the distribution of 
the schedule makespan, which is the maximum completion time of all jobs. The 
main idea is the integration of simulation into the simulated annealing algorithm. As 
such, variants of simulated annealing procedure for deterministic problems are first 
analyzed which are then extended to stochastic versions by incorporating simulation 
to evaluate schedules generated by the algorithms.  Experimental results show that 
the stochastic variants provide an efficient tool in incorporating all the available 
distributional information on the processing times into the scheduling procedure. In 
addition, incorporating statistical tools such as the sampling methods enhance to 
certain extend the quality as well as the efficiency of the solutions. The performance 
of the simulated annealing variants is further investigated when three different 
temperature functions are proposed. The extensive computational tests and analysis 
on selected problem instances show the superiority of the proposed algorithms 
compared to some typical dispatching algorithms in high variability levels.  Finally, 
the correlations between the expected makespan and the α-quantile of makespan are 
examined. The solutions obtained for low variability levels indicate that the two 
measures are perfectly correlated, and makespan distributions mostly follow the 
normal distributions, with few cases where they fail the normality tests. Although 
only stochastic processing times are considered in this thesis, the formulations and 
methodology can be extended to handle different objective functions as well as other 
kinds of uncertainties, such as uncertain arrival times, due dates and the handling of 
unpredictable machine breakdown and incorporation of new activities.
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ABSTRAK
Masalah penjadualan bengkel kerja merupakan salah satu daripada masalah 
NP-Tegar yang paling sukar diselesaikan dan kebanyakan usaha penyelesaian 
masalah ini dinyatakan dalam bentuk heuristik. Tesis ini mengkaji penggunaan 
algoritma simulasi penyepuhlindapan dalam menyelesaikan masalah penjadualan 
bengkel kerja dengan masa pemprosesan stokastik. Kualiti jadual dinilai berdasarkan 
taburan makespan, iaitu tempoh penyudahan maksima bagi semua kerja. Idea utama 
adalah penggabungan simulasi ke dalam algoritma simulasi penyepuhlindapan.
Dalam usaha ini, varian prosedur simulasi penyepuhlindapan bagi masalah 
berketentuan mulanya dianalisis dan kemudian dilanjutkan kepada versi stokastik 
dengan menggabungkan simulasi ke dalam algoritma simulasi penyepuhlindapan
untuk menilai jadual yang dihasilkan oleh algoritma tersebut. Keputusan eksperimen 
menunjukkan bahawa varian stokastik ini cekap dalam menggabungkan semua 
maklumat berkaitan taburan masa pemprosesan ke dalam prosedur penjadualan.       
Di samping itu, alatan statistik seperti kaedah persampelan yang yang dimasukkan ke 
dalam algoritma berupaya pada tahap tertentu, meningkatkan kecekapan algoritma 
dan kualiti jadual. Prestasi simulasi penyepuhlindapan seterusnya dianalisis apabila 
tiga fungsi suhu yang berbeza dicadangkan.  Hasil kajian dan analisis terhadap 
beberapa masalah ujian yang dipilih menunjukkan kelebihan algoritma yang 
dicadangkan berbanding dengan beberapa algoritma penghantaran biasa pada tahap 
stokastik yang tinggi. Akhirnya, korelasi antara jangkaan dan quantil-α bagi 
makespan dikaji. Penyelesaian yang diperoleh pada tahap stokastik rendah 
menunjukkan bahawa kedua-dua pengukur berkolerasi sempurna, manakala 
makespan didapati tertabur secara normal, kecuali beberapa kes yang berstokastik 
tinggi. Walaupun hanya masa pemprosesan stokastik dipertimbangkan, rumusan dan 
metodologi yang dibincangkan dalam tesis ini boleh dilanjutkan kepada pelbagai 
fungsi objektif dan jenis stokastik yang lain seperti masa ketibaan stokastik, 
kerosakan mesin tidak menentu serta kemasukan aktiviti baru.
